Previous studies indicate that the way we perceive our bodily signals, such as our heart rate, can influence how we feel. Inspired by these studies, we built EmotionCheck, which is a wearable device that can change users' perception of their heart rate through subtle vibrations on the wrist. The results of an experiment with 67 participants show that the EmotionCheck device can help users regulate their anxiety through false feedback of a slow heart rate.
Previous studies indicate that the way we perceive our bodily signals, such as our heart rate, can influence how we feel. Inspired by these studies, we built EmotionCheck, which is a wearable device that can change users' perception of their heart rate through subtle vibrations on the wrist. The results of an experiment with 67 participants show that the EmotionCheck device can help users regulate their anxiety through false feedback of a slow heart rate. E motions powerfully shape how we interact with the world around us. Most of the time our emotions serve us very well. In other situations, emotions can harm more than help, such as when an individual "freezes" during a presentation or when a person is propelled to hit another during an episode of anger. In order to avoid these situations, we make efforts to regulate our emotions to make them helpful, rather than harmful. This effort, through which we influence the emotions we have, when we have them, and how to experience and express these emotions, is called "emotion regulation" [1] .
In order to help users regulate their emotions, researchers devised different technological interventions [2] [3] . However, many interventions require too much attention and effort from the users, which may affect their concentration during ongoing tasks and even increase their stress [4] . These issues can counteract the positive aspects of the technologies and negatively affect the desired outcome. In order to address this issue, we propose a new approach for designing technological interventions for emotion regulation. This approach is based on previous studies that demonstrate a relationship between anxiety and the perception of our bodily signals, such as heart rate. Studies have shown that if an individual notices that his heart rate is very fast, this can intensify the feelings, making him feel more anxious [5] . On the other hand, if we supplement this information with another signal that indicates that the heart rate of the individual is slow, this may influence the way the individual appraises the situation, which in turn can make him feel calmer. Inspired by this idea, we designed and built EmotionCheck, which is a wearable device that influences Illustration, istockphoto.com
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a users' perception of his or her own heart rate through subtle vibrations that resemble a pulse. We evaluated EmotionCheck through a laboratory experiment with 67 participants, and we found that it is possible to regulate user's anxiety by providing false feedback of a slow heart rate.
EMOTIONCHECK DESIGN
EmotionCheck is a watch-like device that produces subtle vibrations on the wrist simulating heartbeats. Figure 1 shows a picture of the device. We decided to build EmotionCheck to have more control of the vibration intensity and the noise produced by the vibrations, which were important aspects since our goal was to simulate heartbeats in a subtle and non-distracting way. To minimize the profile of the prototype, we designed and built a custom PCB. Figure 2 shows the components present in the device.
In order to control and communicate with the EmotionCheck device, we used a RFD22128 16MHz ARM Cortex-M0 microcontroller. The haptic feedback is driven by three shaftless/coin vibration motors (Precision Microdrives 308-107 Pico Vibe) connected to pulse width modulation outputs on microcontroller. Each of the two 8 x 2.15mm motors has an output of 0.75 G at 15k rpm. The intensity of the vibration can be compared to someone lightly tapping the inside of their wrist, as seen in Figure 3 . In this experiment, the motors were fixed to a surface with 100 gram weight on top of them (to simulate the mass of the EmotionCheck device), then pulsed as they were in the study. We then did the same task but tapped a finger for the input instead of using the vibration motors. We used the vibration motors (held in the opposing hand) to help maintain a consistent rhythm and duty cycle. We ran a cross correlation on the two conditions, which resulted in a correlation score of 83.78 with a lag difference of 14 and lag time of 0.0140.
EXPERIMENT DESIGN
In order to evaluate the eff ect of the EmotionCheck device, we conducted a laboratory experiment (n = 67, 43 female) with a between-subjects design. Th e experiment was an adaptation of the Trier Social Stress Test [6] , and the participants were not informed about the true purpose of the study. All participants used the EmotionCheck device and a heart rate monitor (Polar H7). Th e experiment had three phases: a baseline phase (5 minutes), in which users watched a calming video; a preparation phase (5 minutes), in which users had to think about how they would describe themselves while applying for their dream job; and a presentation phase (5 minutes), in which they had to present themselves to a confederate who kept a neutral face during the entire presentation. Participants fi lled out a questionnaire about their state anxiety aft er the fi rst phase (pre-intervention) and last phase (postintervention) [7] , and they also answered questions aft er the last phase about how they felt and how distracting the vibrations were.
Th e study had four conditions, which were randomized. Th e condition was activated in the beginning of the second phase, and it remained active until the end of the third phase. In the control group condition, participants did not feel any vibration during the tasks. In the vibration condition, participants felt the vibrations on the wrist at a frequency of 60 bpm. Th ey were informed that they would feel vibrations on the wrist, but no additional information was provided. In the slow heart rate condition, participants also felt the vibrations on the wrist at a frequency of 60 bpm, but they were informed that the vibrations would always represent their current heart rate. In the real heart rate condition, participants were informed that the vibrations would always represent their current heart rate, and the vibrations were indeed changing based on the heart rate of the participant (collected using the Polar H7).
RESULTS
In this section, we present results focusing on the eff ect of each experimental condition on participants' anxiety and how distracting the vibrations were for the participants. For a more complete presentation of the results and discussion, please refer to the original paper [8] .
Eff ect of the Intervention on Anxiety
A two-way repeated measures ANOVA was performed to compare the anxiety scores across the four groups considering the two moments in which the anxiety data was collected (pre-intervention and postintervention). Figure 4 shows an interaction plot that indicates how the anxiety scores changed in each group aft er the intervention. Descriptive statistics of the anxiety changes are found in Table 1 .
Th e ANOVA analysis revealed a statistically signifi cant diff erence (F(3,63) = 3.37, p = .02). Th e pairwise comparisons revealed that the anxiety scores of the slow heart rate group were statistically signifi cantly lower than the control group (p = .014) and the real heart rate group (p = .018). Th e eff ect size was large in both comparisons. Th e analysis indicates that the slow heart rate intervention was responsible for making the anxiety of the participants to be lower than in the control group. No statistically signifi cant eff ect was found for the other interventions when compared to the control group.
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Attention to the Intervention
In order to evaluate if the intervention distracted people's attention during the tasks, we evaluated their responses to the question, "Do you think the vibrations distracted you?" The responses ranged from 1 ("Not at all") to 5 ("Very much"). Most participants in all conditions reported "Not at all" when asked if the vibrations distracted them. In the slow heart rate group, 11 participants reported "Not at all, " 5 participants reported "A little bit" and 1 participant reported "Somewhat. " When asked about the vibrations in the open-ended questions, most participants reported that they did not pay much attention to them. In the slow heart rate group, one participant remarked: "I felt the vibrations especially when I was sitting but most of the time I was too distracted to pay attention to them. "
CONCLUSION AND FUTURE APPLICATIONS
In this paper we demonstrate that it is possible to design subtle mobile interventions that can help users regulate their emotions without requiring much attention and effort from them. We designed and evaluated EmotionCheck, which is a wearable device that can regulate users' anxiety by providing false heart rate feedback. The results of an experiment with 67 participants show that this simple intervention was responsible for keeping the anxiety of the participants at low levels when compared to the control group and the other conditions. While in the slow heart rate group the anxiety of the participants increased on average 0.65 points, in the control group, the average increase was 11.35 and in the other two conditions, it was 11.06 and 8.5. Furthermore, most participants reported that the intervention did not distract them at all. These findings offer promising possibilities for the design of technologies for emotion regulation. 
